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Abstract 
Distance education has been growing significantly in health areas, especially in primary care. One way to represent common 
daily situations in distance education is through the use of virtual scenarios as an educational resource. These systems require
several and specific features and quality attributes. Quality attributes are also known as non-functional requirements, but in many 
cases non-functional requirements are described poorly, and one way to solve this lack is through the usage of scenarios based on 
quality attributes. In this light, this work aims to present the development of a Utility Tree that represents a set of requirements to 
modeling health education systems based on virtual scenarios, studying the specific case of SABER Comunidades. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of SciKA - Association for Promotion and Dissemination of Scientific Knowledge. 
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1. Introduction 
An important aspect of permanent education is, in a systematic way, the integration of research, by the 
development of innovative learning technologies, through the transfer of the acquired knowledge and teaching, and 
the definition of appropriate teaching strategies [1, 2]. In the context of primary health care professionals, there are 
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several possibilities as there is a great shortage of professionals in this area, and many do not have adequate training 
[2].  
One way to fulfill this lack of qualification is the use of Distance Education. Health is one of the benefited areas 
with this learning modality. Distance Education represents a path to improving practices in the sector and the 
consolidation of a more democratic and equitable model of health care promotion [3]. One of the educational 
resources in Distance Education are virtual scenarios, in which multimedia resources are used to represent common 
situations to users and the student is the main author of the associated discoveries [1, 2, 4]. One of these teaching-
learning environments in health care using virtual scenarios is SABER Comunidades, a web application developed 
at Federal University of Pernambuco (UFPE). 
These learning environments require a great set of functionalities so that they can meet the objectives that have 
been proposed. In the conception and production of educational software, features related to technical quality 
(functionality, usability, reliability) should be considered as well as methodologies to support interactive processes 
[5, 6].  
Learning environments based on virtual scenarios have been evolved and are more frequent nowadays. These 
environments have a number of features and quality attributes that may be present in the software to achieve their 
goals. Quality attributes are defined as references that describe the expected behavior of the system [7]. For some 
authors, quality attributes are also known as non-functional requirements. One problem that commonly appears is: 
non-functional requirements are described poorly [8]. Therefore, important virtual scenarios based systems tend to 
be built without an appropriate process that should prioritize non-functional requirements such as usability, security 
and connectivity. To resolve this issue, quality attributes should be described in more detail. This task is 
accomplished using Scenarios that are a simple and powerful tool to describe requirements and are used by almost 
every methodologies of evaluation software architecture [9]. From the identification of scenarios it is possible to 
build the Utilities tree, which is a prioritization scenarios mechanism [8].  
In this context, this paper describes a scenarios identification methodology and presents the Utility Tree as an 
outcome of non-functional requirements structure for SABER Comunidades. After this introductory section, Section 
2 presents the concepts and work background. Section 3 explains the methodology used. Section 4 discusses the 
outcomes, and finally Section 5 brings final considerations and ongoing work. 
2. Background 
This section contains a brief description of the main concepts used throughout this work, of which we emphasize: 
Quality Attributes, Scenarios and Utility Tree. Finally, we will discuss a little about the SABER Comunidades 
environment. 
2.1. Quality Attributes 
Quality Attributes are points that describe the expected behavior of a system within the environment for which it 
was projected [7]. A quality attribute is a non-functional characteristic of a system component [10, 11].  
There are different rules and standards responsible for classification of quality attributes; we enhance the 
concepts of standard ISO/IEC 9126, ISO/IEC 25010, Architecture Tradeoff Analysis Method (ATAM) and the 
works of Ian Sommerville [12, 13, 14, 15]. This work will focus on the classifications proposed by ISO 25010 
standard and by ATAM Method, which proved to be the most complete and that best attended to the objectives of 
this work.  
The series of ISO/IEC25000 standards is a proposal for evaluating the quality of a software product, also known 
as SQuaRE (System and Software Quality Requirements and Evaluation). The SQuaRE is the result of the evolution 
of a number of other norms, specifically the norm ISO/IEC 9126 [12, 13]. The ISO/IEC25010 standard replaced 
ISO/IEC 9126 [12]. This series of standards has five divisions, and this work will be focused on ISO/IEC 25010. 
The ISO 25010 standard defines a set of features and sub characteristics to the quality of a software product [12, 14].  
The standard ISO 25010 comprises the eight quality characteristics: functional adequacy, compatibility, 
performance, reliability, security, maintainability, usability and portability [14]. The quality model determines 
which quality characteristics will be taken into account when evaluating the properties of a software product.  
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The ATAM Method is defined as a method for evaluating software architectures with respect to its quality 
attributes. The most important attributes defined by this method are: evaluability, modifiability, performance, 
security, reliability, portability, functionality and conceptual integrity [16, 17].  
This method is so called - Architecture Tradeoff Analysis Method - because not only evaluates how the 
architecture satisfies a particular attribute, also provides a means for quality attributes are related to each other [17]. 
The Method ATAM is a method of risk identification [8]. 
2.2. Scenarios and Utility Trees 
Scenarios are a simple and powerful tool to describe requirements and are used by almost every methodology of 
evaluation software architecture [9]. A scenario is basically a sequence of events for a particular use of a system 
[18]. In this work the definition of scenarios adopted by ATAM method will be used, which is also responsible for 
the introduction/definition of the term Utilities Tree.  
A scenario is a short statement describing an interaction of one of the stakeholders with the system. Scenarios are 
used when: Users want to describe using the system to perform some task, a maintainer would describe making a 
change to the system, developer´s scenario might talk about using the architecture to build the system or predict its 
performance and customer´s scenario might describe how architecture is to be re-used for a second product in a 
product line [8]. 
Utility tree provide a top-down mechanism for directly and efficiently translating the business drivers of a system 
into concrete quality attribute scenarios. A utility tree is initially composed of a main root. In the main root is 
located the term “Utility”. Quality attributes are located at the second level. On the third level are specified the 
requirements described in the previous level and, finally, in the fourth and final level describes the Quality Scenarios 
members and also their priorities [8, 16, 17].  
Priorities outlined in a utility tree are in the following format: (X, Y), where X refers to the degree of importance 
of this scenario for the system, and the Y indicates the level of difficulty to implement scenario. Both the degree of 
importance and the difficulty of implementation are classified as: High (H), Medium (M) or Low (L) [8, 17]. An 
example of utility tree is shown in Figure 1. 
Fig. 1. Example of a Utility Tree.
In Figure 1, we can see two attributes of security and availability. The security attribute is related to specific 
"Access Permission" and the scenario is "allowed access only to authorized persons", The (H, L) means that this is a 
high priority setting for the system and presents a low difficulty of implementation. 
2.3. SABER Comunidades 
SABER Comunidades comprises a set of virtual scenarios (common situations), whose goal is to present situation 
problems in health care for students, physicians, nurses and the population, allowing them developing educational 
activities. SABER means: Saúde, Assistência, Bem-estar e Educação em Rede (in English: Health, Assistance, 
Welfare and Education in Network) [1]. These virtual scenarios have several situations that are presented with 
videos, animations, games and exercises as a complement to traditional forms of learning (books, articles, electronic 
presentations) [1, 2].  
The user has access to SABER Comunidades through the website of a set of distance courses offered by Federal 
University of Pernambuco to healthcare professionals, developed by SABER Tecnologias Educacionais e Sociais 
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reserach group†. E-learning students of specialization courses use the system. Nowadays more than 20 different 
episodes are currently available in 6 courses in the primary health care area. SABER Comunidades was thought to be 
a city with specific places where the episodes take place related to specific subject, as we can see in Figure 2(a). At 
the beginning of each episode there is an initial text informing and orienting about the goals of the episode. As the 
episode is built some educational resources can be used as images, texts videos, games presented in Figure 2(b). 
Fig. 2. (a) City of SABER Comunidades; (b) Episode of SABER Comunidades. 
The SABER Comunidades also uses a sort of play activities as a way to hold the attention of the student. The play 
activities in conjunction with other components and attributes of a system, are responsible for maintaining the users 
interacting with the environment, motivated and, in contrast to many educators think, playfulness is not childish, and 
vice versa [19].  
At the end of each episode the student is invited to answer a survey about the content applied to his day-to-day 
and attends a forum section to discuss with other students. These questions are answered in the VLE (Virtual 
Learning Environment), virtual classroom. The VLE used is Moodle (www.moodle.org) and this environment is 
given to the user feedback. 
3. Methodology and Strategic Actions 
The methodology for this work was divided into three distinct steps as strategic actions. We did this way to 
evolve the identified requirements and prioritize the important ones. 
3.1. Literature Review 
The first step was an ad hoc review of the literature about health education systems based on virtual scenarios. 
The databases used in the search were: Scielo, Medline and LILACS, and were considered articles in Portuguese 
and English. First, we only read the papers titles and abstracts. We selected 50 papers. After this, the papers were 
read completely and only 10 met the goals and answered the guiding question “What are the basic requirements for 
a web application based on virtual scenarios?”.  
These 10 articles were read, and as result we emphasized the strengths and weaknesses of each one, as well as the 
quality attributes present in these systems have been identified. The purpose of this step was to identify quality 
attributes for later scenario modelling and construction of the Utility Tree. 
† http://www.sabertecnologias.com
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3.2. Questionnaire 
The second step consisted of an evaluation of the system SABER Comunidades. We performed a questionnaire 
from the student’s perspective. The questionnaire aimed to evaluate the system especially in usability issues. We 
also evaluated points related to system performance and reliability, as well as questions about its pedagogical 
aspects.
The questionnaire had 27 questions, divided into 4 parts. The first part is intended to collect general data. The 
questions were about age, city where he was born and where he lives, gender, education level and professional 
information.  
The second part was related to the general uses of the system. The main goal is to know about system access, 
issues related to usability, such as ease of learning to use the system, as well as, issues related to the positioning of 
buttons and features. It was also important to know about the system’s response time for the required functions.  
In the third part the questions are related to the content displayed on the system, such as videos, text, language 
used, playing and evaluation activities. In the end the student was asked to describe whether the knowledge acquired 
in some way helped him/her in his/her work daily activities and environment. Finally in the last part the student was 
questioned about his level of satisfaction with the system, containing 4 questions in total.  
The purpose of this survey was primarily evaluating the system from various perspectives and issues with an 
emphasis on usability. It was used as a way to identify non-functional requirements that could be improved in the 
system from the student’s perspective.  
The questionnaire was sent to a total of 404 users of the system and 33 answers were obtained. The results 
showed that most users were satisfied with the system. To mention some results, the average score given by system 
users was 8.45 and it was noted that older age the level of satisfaction was higher. It was also possible to identify 
strengths of the system in the users’ view, as: the language used during episodes is easy to understand and objective, 
stories similar to those experienced in daily life and easy to use system. Some points were also mentioned as 
improvement: creation of a specific application system for mobile devices and the development of more episodes / 
stories.
3.3. Focus Group 
The third and final step consisted of a focus group performed with Information Technology professionals with 
knowledge of the studied system. This step was to identify requirements for SABER Comunidades seeking 
improvement of the system.  
Focus groups can be defined as a research methodology that aims to collect data through group interactions, and 
in these interactions are discussed topics of interest suggested by a researcher [20, 21]. Focus groups use group 
interaction as a tool to produce data and insights that would hardly be achieved without the realization of these 
groups [22].  
The focus group was conducted with the presence of four professionals and a moderator. This focal group was 
done with professionals involved in the development of SABER Comunidades, comprising a project manager, a 
developer of web applications, an information technology infrastructure manager and an expert developer in mobile 
systems.  
The focus group intended to examine the system SABER Comunidades observing its existing functionality today 
and the attributes that could be added to the system so that it would be more attractive. This opportunity promoted 
discusses various attributes related to functionality, portability, security and performance, mainly emphasizing 
aspects related to functionality. Some points discussed were the inclusion of a progress bar during episodes, 
portability for mobile platforms, and the presence of a Forum tool in the study environment. 
4. Outcomes 
Based on the development of the three steps mentioned in Section 3 it was possible to identify non-functional 
requirements and build the Utility Tree. The first part (literature review) was important for the beginning of work to 
identify some presents quality attributes in other systems using virtual scenarios. The questionnaire step was to 
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evaluate the system from the point of view of its users and finally the focus group aimed to evaluate the system 
under the system developers' point of view and identify which quality attributes for system improvement. These 
non-functional requirements were prioritized. The prioritization of the requirements was performed according to 
their importance for the system under study discussed in the Focus group step. From the prioritization of 
requirements, it was possible to model scenarios for the studied system.  
The scenarios modeled were prioritized thinking of the study environment - SABER Comunidades - in future 
applications and finally, the Utility Tree was built, as shown in Figure 3. 
Fig. 3. Utility Tree
When examining the Utility Tree we see 12 scenarios, half of them relating to the characteristic of functionality, 
1 related to security, 1 related to usability, 1 related to performance, 1 related to portability, 1 related to conceptual 
integrity and 1 related to changeability.  
The predominance of attributes related to the characteristic of functionality can be explained by the fact that the 
system is already in use and during the steps performed during the methodology of this work it has been possible to 
identify several features that could be part of the system. 
The scenario “A user When enter a valid login and password is logged in the system and sent to his homepage” 
has been designed so that developers have control over who accesses the system and to users ensures greater 
security and privacy. The scenario “The user accessing the system is identifier by an avatar” was thought to 
approximate the user to system. Two other scenarios were thought as an assistance tool that was an icon on “Help” 
1016   Camila Diniz et al. /  Procedia Computer Science  64 ( 2015 )  1010 – 1017 
and a “Forum”. These tools were discussed during the performance of the focus group. The progress bar was 
thought to help the user in the execution of an episode and was a scenario discussed during the focus group because 
SABER Comunidades has episodes with more than 10 screens it would be of interest to users the inclusion of this 
feature.  
The user is able to pass or return a screen via Arrows keyboard or mouse a scenario was also raised during the 
execution of the focus group, where it was found that the episode screens are currently only changed by a click with 
the mouse, in order to increase system functionality it would be interesting that this action could also be performed 
through the arrow keys. 
The scenario “The content of the system is migrated to mobile platforms” was thought because there are many 
people using the system by mobile devices, this was one of the aspects considered by users through the results of the 
questionnaire and also mentioned during the focus group. 
The last two scenarios “The contents of each episode of the system is developed by a team of experts without the 
need for a developer” and “At least one new episode should be added to the system every 30 days” They were 
modeled so that there was a larger amount of developed episodes and the team responsible for creating the scenarios 
had greater autonomy. 
Additionally we realize that the scenarios classified as high in the question level of importance for the system are 
those more important to being implemented at an early stage of system adaptations, since the SABER Comunidades 
it is an environment already in use.  
The Utility Tree is the first step to evaluate and examine quality of service requirements and product 
requirements to determine the key drivers of quality and function in the application. In fact the Utility Tree shown in 
Figure 3 is the final version and was built in three steps as discussed in the previous section.  
All the scenarios listed are basically statements that have a context a stimulus and a response and describe a 
situation in the SABER Comunidades where the quality attribute manifests itself. The scenarios are the most 
important part of the Utility Tree, the main reason is that the scenarios help us understand the quality attributes 
needed, and more importantly, by tying the attributes to real instances in the system the scenarios help make these 
goals both concrete and measurable. 
5. Conclusion and Ongoing Activities  
Through this work it was possible to identify scenarios for educational health systems based on virtual scenarios. 
We studied a specific case of system SABER Comunidades developed at Federal University of Pernambuco 
(UFPE). As a strategic action we decided to collect requirements through out three distinct steps: survey of literature 
on health education systems based on virtual scenarios, and then was made a special study of the system SABER 
Comunidades, discussed in Section 3. The study of SABER Comunidades was conducted from the perspective of 
the student using a questionnaire; and developers using the technique of focal group.  
The methodology performed in this work consisted of three steps:  
(i) An ad hoc review of the literature and through it was possible to identify non-functional requirements in 
health education systems based on virtual scenarios;  
(ii) An application of a questionnaire to students of SABER Comunidades. Through the questionnaire it was 
possible to obtain the point of view of the users about the system and obtain strengths of the system and points that 
could be improved;  
(iii) The focus group was mainly focused on the analysis of the currently system. The main goal was to review 
the features presented today and focusing on what could be improved.  
With the completion of these three steps was possible to identify non-functional requirements, modelling 
improvement scenarios for the studied system and finally, build the Utility Tree as present in Section 4.  
From the outcomes obtained in this work arise many important issues such as:  
(a) We believe the scenarios raised are really important for the study, as well as the results can be used in other 
contexts;  
(b) These scenarios can be used by other virtual learning environments not only for the case of SABER 
Comunidades;  
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(c) The Utility Tree has an arrangement that fulfills the SABER Comunidades needs in the context of students 
and professionals’ knowledge at Federal University of Pernambuco.  
These points deserve to be analyzed and evaluated to improve the process of development of distance education 
systems.  
With these issues in mind there are a lot of works to be done in the future, such as:  
• Brainstorms to evaluate and validate the scenarios raised and the Utility tree built; it is important that 
discussions involving people connected to the system for the identified scenarios can be analyzed as well as their 
prioritization awarded Utilities Tree.  
• Evolution of the SABER Comunidades system with the attributes and scenarios identified in this work. After 
that perform tests and verify whether these attributes are really important to the system.  
• Assess whether the scenarios raised in this research can be extended to other virtual learning environments in 
general, not just those using virtual sets and also can be extended to facing education systems for the most diverse 
areas of knowledge, rather than specifically for health.    
Acknowledgements 
The authors would like to thank the Brazilian Ministry of Healthcare for the financial support given to this work. 
References 
1. Menezes, J., Gusmão, C., & Machiavelli, J. A proposal of mobile system to support scenario-based learning for health promotion. Procedia 
Technology, 9, p.1142-1148; 2013.  
2. Gusmão, C. M. G., de Menezes Júnior, J. V., & Machiavelli, J. L. Utilização de cenários virtuais em cursos para profissionais do Sistema 
Único de Saúde. 2014.  
3. Costa, A, M. A. et al. Ead e saúde: aproximação entre as áreas a partir da experiência de um curso na fundação Oswaldo cruz. Fundação 
CECIERJ, 2012  
4. Cañizares, J. C. Z. Educação a distância: reflexões sobre a aprendizagem em ambientes virtuais. Universia Brasil. 2005. Disponível em: 
http://noticias.universia.com.br/destaque/noticia/2005/03/10/487856/educao-distncia-reflexes-aprendizagem-em-ambientes-virtuais.html. 
Acesso em Fev 2013.  
5. Giraffa, L., Marczak, S., & Prikladnicki,. PDS-E: Em direção a um processo para desenvolvimento de Software Educacional. In: Anais do 
Workshop de Informática na Escola (Vol. 1, No. 1); 2005.  
6. Gladcheff, A. P., Zuffi, E. M., & Silva, D. D. Um instrumento para avaliação da qualidade de softwares educacionais de matemática para o 
ensino fundamental. In Anais do XXI Congresso da Sociedade Brasileira de Computação; 2001.  
7. SoftwareArchitecture – Quslity Attributes. http://www.softwarearchitectures.com/qa.html; 2014.  
8. Kazman, R., Klein, M., & Clements, P. ATAM: Method for architecture evaluation (No. CMU/SEI-2000-TR-004). Carnegie-Mellon 
University Pittsburgh PA Software Engineering Institute; 2000.  
9. Ozkaya, I., Bass, L., Nord, R. L., & Sangwan, R. S. Making practical use of quality attribute information. Software, IEEE, 25, 25-33; 2008.  
10. Pontes, D. P. N. Evolução de software baseada em avaliação de arquiteturas. Dissertation (Master) — Escola Politécnica, USP, 2012.  
11. Dobrica, L.; Niemela, E. A survey on software architecture analysis methods. Software Engineering, IEEE Transactions on, IEEE, v. 28, n. 7, 
p. 638–653, 2002.  
12. ISO9126. Engenharia de software - Qualidade de produto: Parte 1: Modelo de Qualidade. 2003.  
13. ISO/IEC25000. The ISO/IEC 25000 series of standards. 2014. http://iso25000.com/index.php/en/iso-25000-standards; 2014.  
14. ISO/IEC25010. ISO/IEC 25010. 2014.http://iso25000.com/index.php/en/iso-25000-standards/iso-25010?limitstart=0; 2014.  
15. Sommerville, I. Engenharia de Software. 9. ed. [S.l.]: Brochura, 2011.  
16. Rodrigues, F. M. M, Cenários de Qualidade para o Sistema de Telessaúde Intelimed. Graduate work in Computer Engineering. 63 p; 2011.  
17. Software Engineering Institute/ Carnegie Mellon University. http://www.sei.cmu.edu/architecture/tools/evaluate/atam.cfm. 2014.  
18. Wang, W., Hufnagel, S., Hsia, P., & Yang, S. M. Scenario driven requirements analysis method. In Systems Integration. ICSI'92. Proceedings 
of the Second International Conference on (pp. 127-136). IEEE; 1992.  
19. Galvis-Panqueva, A. H. Software educativo multimidia aspectos críticos no seu ciclo de vida. Revista Brasileira de Informática na Educação, 
v. 1, n. 1, p. 9–18, 1997.  
20. Gondin, S. Grupos focais como técnica de investigação qualitativa: desafios metodológicos. Paidéia (Ribeirão Preto), v. 12, n. 24, p. 149–161. 
ISSN 1982-4327. http://www.revistas.usp.br/paideia/article/view/46653. 2002.  
21. David L. Morgan.. Focus groups as qualitative research (Vol. 16). Sage; 1997.  
22. Kind, L. Notas para o trabalho com a técnica de grupos focais/notes for the work with focus group technique. Psicologia em Revista, v. 10, n. 
15, p. 124–138, 2008.
